Gastroenteritis due to single rotavirus causes huge economic loss annually.
Introduction
Rotavirus is a double-stranded RNA (ds-RNA) virus, and the ds-RNA is approximately 670 to 3300 base pairs long which is protected by an inner and outer membrane viral proteins (VPs) 1 . Inner layer composed of VP1, VP2, VP3, and VP6 2 and based on VP6 antigen, rotavirus is sub-grouped from A to G. Whereas, outer envelope consist of VP7 and a unique spike-like protrusion called, VP4 which is subdivided into four major domains namely, head (VP8), body, stalk, and foot (VP5) 3 .
So far, most of the identified neutralizing epitopes are located within VP7, VP8 and VP5 region [4] [5] [6] . Molecular mechanism underlying rotavirus neutralization involve specific IgA, that directly targets VP4 (P-type) and VP7 (G-type) 7 . In humans, there are 10 G-serotypes and 11 P-genotypes 8 . Numerous studies have suggested that the severity of rotaviral diarrhea is due to different combinations of G and P types 9 .
As a consequence, rotavirus surveillance studies became meaningful to build vaccine development strategies 10 . Commonly used two licensed vaccines i.e., Rotataq (monovalent), Rotarix (pentavalent) and other vaccines in China, India, and Vietnam have been implemented [11] [12] [13] [14] . However, even after implementation of Rotarix in the national immunization schedule, G1P [8] became dominant genotype (52%) followed by G2P [4] . Conversely, G3P [8] becomes dominant wherein RotaTeq has been used 15 . However, G2P [4] and G9P [8] were dominated in some states of Brazil 16 . In Finland, a major reduction of rotavirus gastroenteritis among hospitalized children have been noticed after the advent of Rotataq into the National Immunization Schedule 17 . Furthermore, in low-middle income counties, annual death due to rotavirus gastroenteritis has decreased dramatically after public availability of Rotarix and RotaTeq 18, 19 . However, some research cautioned that the vaccine's effectiveness declines with age 20 and post-vaccination surveillance studies suggested rotavirus vaccination associated with a large risk of intussusception 21, 22 . Moreover, a reduced immunogenic property of the vaccine strain arises a question about effectiveness 23 . For example, in a recent study rotavirus vaccine failure was associated with a chronic inflammatory intestinal disease called, environmental enteric dysfunction (EED), and EED was present in 80% of infants aged 12 weeks 24, 25 . Another vaccine surveillance study by a research group, reports rotavirus symptomatic infection among unvaccinated and vaccinated children in Valencia, Spain 26 .
Conversely, DNA vaccine is a boon of reverse vaccinology that offers great immunogenic protection to an individual. DNA vaccine comprises DNA sequence encoding antigen (s) of interest which can stimulate the host's immune system 27 . It has a very good safety profile and they are also well-tolerated in humans 28 . Further, DNA vaccines can initiate cell-mediated as well as humoral immune reactions 28 .
Besides, large scale manufacturing of DNA vaccines can be cost-effective 29 . A small peptide molecule that can able to elicit and triggers immune reactions inside host cells is called epitope 29 . Epitopes from a known protein sequence can be designed by using bioinformatic algorithms. Herein, we use such algorithms to predict epitopes for MHC-I and -II by utilizing a consensus sequence of two main neutralizing viral proteins i.e., VP7 and VP8. Immunogenic peptides were inserted into a bidirectional mammalian expression vector; pBI-CMV1 which can simultaneously express two DNA inserts from multiple cloning site (MCS) 1 and 2. CpG motif optimization was performed prior to insertion of the immunogenic peptides into the pBI-CMV1.
Results and Discussion
Public health is a fundamental criterion to build a disease-free healthy nation 30 . A vaccine of a particular disease provide great immunogenic protection to an individual in his / her complete life and it also consecutively reduces personal healthcare cost 31 . Moreover, the healthcare economy is indirectly reflected in the annual healthcare cost burden of a nation, which is also immensely reduced by implementation of vaccines in the national immunization schedule 32 . In developed countries and also countries from the global south, childhood diarrhoea due to single rotavirus causes huge economic loss 33 . Epidemiological pre-vaccination surveillance studies on rotavirus help to build vaccine development strategies that resulted in two ambitious globally licensed vaccines. However, rotavirus vaccines made from conventional vaccinology (e.g. attenuated or live-attenuated) arises questions about their performance [20] [21] [22] 24 . Conversely, reverse vaccinology becomes boon to experimental scientists before the formulation of a new vaccine candidate 34 . DNA vaccines are also safe and they present intrinsic adjuvant properties, including cell-mediated immune response, and can result in long-lasting immunity 35 . Phase-I trials of DNA vaccine against the Ebola virus and chimeric HIV vaccine have already been initiated by the NIH research program 36 . Herein, we computationally designed a multivalent DNA vaccine against group A human rotavirus. The inherent DNA stability and ability to elicit cell-mediated immune responses (CD4+ and CD8+ T cells), armament DNA vaccines for rapidly responding infectious diseases 37 . Further, needle-free applications and low maintenance offer easy transport and availability 38 . Several reports from pre-vaccination to post-vaccination period suggested that, the main rotavirus neutralizing antigens were from VP7 and VP8 (Figure 1 ). Therefore, we have analyzed 398 and 358 known sequences of different serogroup respectively for VP7 and VP8. On average Shanon variability index value was found to be 1, Shimshon variability index value was found to be > 0.6 and the Wu-Kabat variability was about 10, which collectively indicates variations in the amino acid sequence of the VP7 among different genogroup. Conversely, the average Shanon, Simpson, and Wu-Kabat variability index value for VP8 was comparatively lower than VP7.
Phylogenetic tree of VP7 suggests rotavirus strains of the same genotypes fall within a common leaf with only a few exceptions ( Figure 1 ). Conversely, phylogenetic tree of VP8 displayed multidirectional evolution, where rotavirus strains of the same genotypes appear on different branches of the same tree ( Figure 2) . Moreover, the pair-wise distance matrix for VP7 and VP8 are also in agreement with the data obtained from the phylogenetic trees ( Figure 4 ). As mentioned early, epitopes were selected based on their best IC 50 value and CPR and the rest are summarised in Table S1 . Epitopes for both MHC classes for VP7 and VP8 with their best binding free energies were presented in Figure 6 along with their interacting amino acid residues. Majority of epitopes have an immunogenic propensity of > 1, indicating predicted epitopes can elicit an adequate immune response. Besides, all epitopes were found to be non-allergenic to human host meaning safe for human use (Table   S2 ). The high polymorphic nature of the Human Leucocyte Antigen (HLA) system, confer their ethnic specificity, which leads to poor immunogenicity of a particular epitope to a particular population 39 and may cause an optimal immune response to other population. Bi-directional mammalian vector pBI-CMV1 simultaneously express VP7 and VP8 distinctive immunogenic peptides for both MHC classes ( Figure 5 ). Therefore, this DNA vaccine will overcome the shortcomings of small population coverage offered by VP7 immunogenic peptide for MHC-II (Figure 7 ). However, small population coverage for South African and Central American populations (Table S3 ) can be bypassed by arranging a special type of immune regimen or by designing allele-specific epitope upon needs. Overall, this approach is well suited for constructing a new DNA vaccine for rotavirus.
Supplementary files
Supplementary files include Table S1, S2 and S3.
Acknowledgement
Council of Scientific and Industrial Research (CSIR), Govt. of India, New Delhi, India is also sincerely acknowledged by K.D. for Senior Research Fellowship (SRF), sanction letter no. 09/599 (0082) 2K19 EMR-Z.
Declaration of interests
The author declares no competing financial interests. Color scaled is based on the hydrophobicity index of the monomeric of VP7. 
FIGURE 2
The evolutionary history was inferred using the Minimum Evolution method. The optimal tree with the sum of branch length = 3.53915720 is shown. The tree is drawn to scale, with branch lengths in the same units as those of the evolutionary distances 
